Long-term changes and community structure of macrobenthic  Arthropoda and mollusca in Bardawill lagoon by El-Shabrawy, Gamal M. & El Sayed, T. Risz
17
GAMAL M. EL-SHABRAWY1, EL-SAYED T. RIZK2
1 National Institute of Oceanography & Fisheries, Fish Research Station,
El-Kanater El-Khyria, Cairo, Egypt Elshabrawy_gamal@yahoo.com
2 Zoology Department, Faculty of Science, Tanta University, Egypt
LONG-TERM CHANGES AND COMMUNITY
STRUCTURE OF MACROBENTHIC ARTHROPODA
AND MOLLUSCA  IN BARDAWIL LAGOON
SUMMARY
Lagoons are among the most productive aquatic ecosystems which for thousands of
years have been exploited by man. Bardawil Lagoon is a small, hyper saline lagoon
in an arid area located in the middle of Sinai’s Mediterranean coast. Long-term changes,
community structure, biodiversity, biomass and abundance of Arthropoda and Mollusca
were studied. Orchestia gammarella, Chironomidae larvae and Balanus perfera were
recorded as dominant taxa within 15 identified Arthropoda species. The western area
of the lagoon maintained the highest standing crop as a result of the flourishing of
Chironomidae larvae. Arthropoda are weakly represented in the middle and eastern
areas. The standing crop of the total Arthropoda shows an obvious increase from 253
and 298 indiv.m-2 during 1984 and 1986 to 711 indiv.m-2 during the present study.
Branchiodonta variabilis was the dominant of 9 molluscan species. Spatially there
was a tendency towards a decrease in abundance westwards. The population density
of Mollusca had highly reduced from 1028 indiv.m-2 in 1984 to 671 indiv. m-2 during
the present study.
The present study shows that Arthropoda and Mollusca assemblages undergo
dramatic changes. There is no sign of presence of 20 previously listed species in the
lagoon. On the other hand, 9 species have been recorded for the first time.
INTRODUCTION
Lagoons and their characteristic coastal bay-mouth bars represent 51% of the world’s
coastal zones (FOUDA et al., 1985). They can be found from the equator to the poles.
They are among the most productive ecosystems in the biosphere.
Mediterranean lagoons are hyposaline being influenced by river, drainage and
precipitation. Salinities in these ecosystems are lower or much lower than in the sea-
water. Contrarily, the hyper-saline Bardawil Lagoon has higher salinities than the
adjacent eastern Mediterranean Sea. In this respect, it is a unique water body which
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requires special consideration. The organisms inhabiting the lagoon originated from
Mediterranean. However, the pronounced fluctuation in the hydrographic, chemical
and biological conditions affect the distribution, standing crop and biomasses of
organisms inhabiting the lagoon. Macrobenthic invertebrates represent one of the
most important resident animal groups in coastal wetlands. Because of their sedentary
life style, the distribution and abundance of benthic invertebrates are particularly
sensitive to local environmental condition (LUCKENBACH et al., 1990). Macrobenthos
therefore, are often used as indicators in environmental monitoring (MATRICARDI et
al., 1980). The structure of macrobenthic assemblages is complex and seems to be
strongly influenced by site specific processes and conditions. Different factors could
have significant effects on the macrobenthic assemblage but non-significant effects
elsewhere (LUI et al., 2002).
Bardawil Lagoon is located in an arid, semi-desert area, where rainfall is very
scarce. The annual average value of rainfall in the middle of the lagoon is 82 mm. On
the other hand, the evaporation values fluctuated between 72 mm in December and
246 mm in July (TAHA, 1990).
The bottom of the lagoon is sandy on the periphery, clay sand covers most of its
area and silty clay is found in its deepest part (LEVY, 1974). POR (1971) mentioned
that the basic element of the marine flora is Ruppia cirrhosa.
The physical and chemical features of the lagoon water were studied by POR
(1971); BEN-TUVIA and GILBOVA (1975); KRUMAGALZ et al., (1980); SILIEM (1988; 1989),
TAHA (1990), and SHABANA (1999). The community composition of phytoplankton
has been studied by KIMOR (1975), and TAHA (1990), while EHRLICH (1975) studied
the lagoon benthic algae. The macrophyte assemblage of Bardawil Lagoon is poorly
diverse Ruppia cirrhosa seems to be the highly dominant taxa (LEPKIN, 1977).
The importance of macrobenthic fauna lies on its position in the food chain. Fish
biomass and yield are strongly correlated with macro-invertebrates biomass or
production (EGGERS et al., 1978; WISSMAR and WETZEL, 1987). Soil texture plays an
important role in benthic distribution (WINNEL and JUDE, 1984).
The available data dealing with the macrobenthos in Bardawil Lagoon are scarce.
FOUDA et al. (1985) included macrobenthos in their study on ecology of Bardawil
Lagoon. ABOUL-EZZ (1988) mentioned that the Arthropoda and Mollusca contributed
32.7 and 12.6 % of total macrobenthos density. The amphipods Corophium and
Gammarus, the chironomid larvae of insects, and the molluscs Brachiodontes and
Cerithium are the main components within the groups.
The main purpose of present study is to verify the existence of long term changes
in community structure, biodiversity, biomass and abundance of Arthropoda and
Mollusca in the lagoon in relation to changes in some abiotic and biotic variables.
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MATERIAL AND METHODS
the study site (Bardawil lagoon)
The Sinai Peninsula, bordered southerly by the Red Sea (Suez Gulf and Aqaba Gulf)
and northerly by the Mediterranean Sea, has been a passage way for centuries between
the Nile Valley and the middle east territories, a land bridge between Africa and Asia.
Bardawil lagoon is located in the middle of the Mediterranean coast of Sinai. The
surface of the lagoon is 1-3 m below the sea level, out from the sea by a narrow sand
bar 300-1000 m wide, often covered by sea water. Spreads from 32° 40’ and 33° 30’
Long. East, and 31° 03’ and 31° 14’ Lat. North. The flooded area is approximately 650
km2, extended for about 75 Km long with a maximum width of 22 km (PISANTY, 1980;
VARIY, 1990). Three openings, locally term Boughaz, connected the lagoon with the
sea. Two of them, the Western Boughaz I and the middle Eastern Boughaz II are man-
made, whilst the third, the extreme Eastern Boughaz III at El-Zaranik is natural.
Bardawil Lagoon has been identified as one of the most important wetland for
water birds in the whole of the Mediterranean region since it has been suggested as a
major breeding site for little tern (Sterna albiforns) and Kentish plover (Charadrius
alexandrinus) (FRY et al., 1985).
sampling
Benthos samples were collected in October 2002, and March 2003, using Ekman
grab (225cm2 opening area). Benthos samples were collected from 12 different stations
representing the different microhabitats of the lagoon (Table, 1, Fig. 1). The samples
were sieved by hand sieve of 0.4 mm mesh diameter then washed with lake water to
remove mud or other fine particles. The organisms retained in the sieve were preserved
in 10% neutral formaline. In the laboratory, the samples were re-washed with tap
water to remove any silt remains. Sorting of the specimens was carried out by taking
successive small sub-samples and examining them under stereoscopic microscope at
40X. The bottom organisms were sorted into main groups. Each group was examined
and sorted into genera or species. Both the abundance and fresh weight of each species
were measured after retaining the organism on filter paper for 3 minutes. All mollusc
species were measured with shells. Additional qualitative benthic samples were
collected from fouling and macrophytes for detecting benthic species associated with
them.
The references used for identification of the collected species are: CAMPBELL




Sediments were analyzed mechanically according to FOLK and WORD (1957).
Types of sediment were determined according to BETTIJHON (1975).
* ORGANIC MATTER
Organic matter were determined according to HANNA (1965).
RESULTS AND DISCUSSION
organic matter
Organic matter shows a negligible variation during October and March (Av. 8.04 and
8.1 %). Spatially, station VIII (in front of Boughaz I) sustained to lowest mean of
Table 1 - Location of selected stations (latitude and longitude).
Fig. 1 - Map of the northern side of Egypt showing the location of Bardawil lagoon and the selected
station.
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Table. 2 - Salinity, Organic matter, Soil texture and type of sediment of Bardawil lagoon during the
studied period.
5.93 %, while stations I, II and IX maintained the highest means of 9.25, 9.33 and
9.22 %, respectively (Table, 2).
soil texture
The nature of sediment is muddy and muddy sand at stations I and VIII. The rest of
stations are characterized by sand sediment (Table, 2).
salinity
Salinity fluctuated between 38 ‰ at stations II and VIII (in front of Boughaz I and II)
in March and 63 ‰ at stations III and XII in October
Arthropoda
15 species were recorded, Orchestia gammarella, and Chironomidae larvae proved
to be the common taxa (Table, 3 and Fig. 2). The western area of the lagoon had the
highest standing crop owing to flourishing of Chironomidae larvae. Arthropoda weakly
occurred at the eastern and middle area (Fig. 3). The comparison with 1984-87 showed
an increase from 253 and 298 indiv.m-2 (FOUDA et al. 1985; ABOUL-EZZ, 1988) to 711
indiv.m-2 during the present study (Fig. 4). Concurrently with the population density,
the diversity within Arthropoda has been increased from 12 - 8 species to 15 species
(Fig. 5). The biomass increased from 3.5 g fresh wt.m-2 in 1987 to 8.6 g fresh wt.m-2
during the present study. Five arthropod species, mostly associated with fouling have
been recorded for the first time in the lagoon.
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Chironomidae larvae
On standing crop basis, Chironomidae larvae (Diptera) occupied the first position
among the different arthropod categories in Bardawil lagoon. It contributed collectively
about 75.1 and 54.2 % of total arthropod numbers with a standing crop of 588 and
346 indiv.m-2 during October 2002 and March 2003, respectively.
The participation of Chironomidae larvae in arthropod biomass was 18.9 and
24.3% of total. The occurrence of these larvae is highly confined to the Western part
of the lagoon (Stations, IX-XII), while it was totally missed from benthic hauls at the
Eastern area (Fig. 6). Chironomidae larvae are known to inhabit the littoral zone of
both oligotrophic and eutrophic lakes (MUNDI, 1955). These larvae are the most
important component of benthic fauna of the majority of aquatic habitats (PATERSON
and FERNANDO, 1970).
WIRTH and STONE (1968) mentioned that Chironomidae larvae are favored by a
heavy growth of aquatic macrophytes. The chironomid larvae (Cricotopus
mediterraneus) were predominant in high salinities and isolated area of Bardawil
Lagoon. They were also found among food items in the stomach of some lagoon
fishes (FOUDA et al., 1985).
Orchestia gammarella
O. gammarella is widely spread in Bardawil lagoon but not abundant anywhere. It is
well represented in March, with a mean standing crop value of 217 indiv.m-2, weighted
0.8 g fresh wt.m-2, forming 34.0 and 14.6 % of total arthropod number and biomass.
The population density of this species is remarkably decreased in October (Fig. 7).
Station V maintained the highest occurrence (600 indiv.m-2, weighted 2.4 g fresh
wt.m-2) in March, while it was totally disappeared at station XII. O. gammarella was
previously recorded and associated with macrophytes (Ruppia cirrhosa) in the lagoon
(FOUDA et al., 1985).
Mollusca
Nine mollusc species dominated mainly by Brachiodonta variabilis, were recorded
(Fig. 8). Generally, there was a tendency towards a decrease in abundance westwards.
Stations IV, V and VI were characterized by a relatively low standing crop with a
heavy biomass and vice versa for station II (Fig. 9). On long term changes base, the
population density sharply decreased from 1028 indiv.m-2 in 1984 (FOUDA et al., 1985)
to 591 indiv.m-2 in 1987 (ABOUL-EZZ, 1988). Mollusca occurred in density of 671
indiv.m-2 during the present study. The biomass was sharply increased from 28.8 g
fresh wt.m-2 in 1987 to 128.2 g fresh wt.m-2 during the present study (Fig. 4). The
diversity within Mollusca increased from 10 species in 1984 to 13 species in 1987,
only 9 species were recorded during present study (Fig. 5). It is worth mention that 2
mollusc species were newly recorded.
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Table. 3 - Long term changes in arthropods and molluscs, C: Common; MC Moderately
Common; R: Rare and VR: Very Rare.
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Fig. 2 - Percentage frequency of different arthropod species.
Fig. 3 - Standing crop and biomass of total Arthropoda a) Standing crop b) Biomass.
Fig. 4 - Long Term changes in standing crop of
arthropoda and mollusca.
Fig. 5 - Diversity within arthropoda and mollusca.
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Fig. 6 - Standing crop and biomass of Chironomidae larvae a) Standing crop b) Biomass.
Fig. 7 - Standing crop and biomass of Orchestia gammarella a) Standing crop b) Biomass.
26
Brachiodonta variabilis
The numerically dominant mollusc species is clearly B. variabilis, which seldom
account for less than 70% of total Mollusca. October showed high numbers of this
species (mean 683 indiv. m-2, weighted 62.63 g fresh wt. m-2), while it has been recorded
with a relatively low number and heavy biomass in March (mean 383 indiv. m-2,
weighted 131.8 g fresh wt. m-2). Spatially, stations II and III maintained highest density,
while stations VIII and XII were the poorest (Fig. 10). FOUDA et al. (1985) mentioned
that B. variabilis was the most dominant bivalve species collected from Bardawil
lagoon and was abundant in places where Ruppia cirrhosa was common.
Factors affecting Arthropoda and Mollusca distribution
In Bardawil Lagoon, salinity, organic matter and soil texture were highly correlated
with Arthropoda and Mollusca community structure, while total nitrogen and total
phosphorus were weakly correlated.
Increased salinity can modify benthic community biomass through reduction of
primary production, substrate modification, deoxygenation and other mechanisms
(TIMMS, 1983). HAMMER (1986) mentioned that benthic macrofaunal diversity, generally
decreases with increasing salinity. The abundance of different macrobenthic species
demonstrate different relationships with salinity. Some studies reported a positive
correlation between salinity and benthic abundance (MÖLLER et al., 1985 and JONES et
al., 1986), while other showed that benthic abundance decreased from estuarine to
oceanic habitats (FLINT and KALKE, 1985).
These salinity-species abundance relationships are probably determined by the
salinity tolerances of oceanic or freshwater species along a low-salinity to high-salinity
gradient (YAP and NACORDA, 1993). Salinity shows a positive correlation with total
Arthropoda and Chironomidae larvae (r = 0.58 and 0.57), while it shows negative
correlation with the rest of species.
Organic matter in sediment is thought to provide food for deposit-feeding and
detritivorous macrobenthos. There is usually a higher species abundance and biomass
in organically rich environment than in organically poor environment (TAYLOR, 1993).
The weak correlation in the present study may be due to the narrow ranges of this
parameter among the different selected stations.
Soil texture plays an important role in the distribution of infauna. Some species
prefer sand substrate, while others are abundant at silt or clay substrate. Arthropoda
were negatively correlated with sand percentage and vice versa for mud.
Fish can affect benthic community structure through disturbance and predation.
Fish predation reduces macrofaunal abundance and limits the distribution of favorable
macrofaunal organisms (HEALY, 1984).
The characteristics of fish catch composition in the lagoon were greatly changed
from 1982 to 2000. Contribution of the most economic species sea bream and sea
bass sharply decreased from 56.5 % in the 1982-1988 to about 8 % in 2000 of the
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Fig. 8 - Percentage frequency of different molluscan species.
Fig. 9 - Standing crop and of total Mollusca A) Standing crop B) Biomass.
Fig. 10 - Standing crop and biomass of Brachiodonta variable A) Standing crop B) Biomass.
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total catch. In contrast, other species, such as crabs and shrimps attained an increase
percentage in the catch with 26.8 and 25 % for shrimps and 24.2 and 24 % for crabs
in 1995 and 2000, respectively (EL-GANAINY et al., 2002).
The phenomenon of changes in fish community structure may be mainly related
to changes in macrobenthos assemblages since the majority of the dropped fish species
are mainly bottom feeders. Mollusca comprised the highest volume of Sparus aurata
diet, contributing about 33.24% (%composition) of the total diet volume of Sparus
aurata and was found in 89.63% (%frequency), while Crustacea constituted about
8.11 % of its diet volume(FOUDA et al., 1985).
Dredging and Deepings of the two artificial inlets (Boughazs I and II) to about 7
m down water, with continuously maintains would help the exchange of water between
the lagoon and Mediterranean, that will maintain the salinity to the optimum level
and rebalance the species composition of macrobenthic community, and consequently
fish species structure.
The present study urgently recommends a detailed investigation on production
of the common arthropods and molluscan species, which constitute the main bulk of
food items for Bardawil Lagoon fish.
REFERENCES
ABOUL-EZZ S. M, 1988 – Periodicity and distribution of bottom fauna in the hypersaline
Bardawil lagoon. Bull. Nat. Ins. Ocean. & Fish. 14(1): 159-174.
BEN-TUVIA. A., GILBOVA A, 1975 – Progress report on the fisheries research in the
Bardawil lagoon. Haifa Israel. Oceanographic and Limnological research,
Internat. Report (In Hebrew): 15 pp.
BETTIJOHN F. J, 1975 – Sedimentary Rocks, 3rd ed., Harper and Row, New York.
CAMPBELL A. C, 1982 – The Hamlyn Guide to the flora and fauna of the Mediterranean
Sea. Hamlyn. London. New York, Sydney, Toronto: 321 pp.
EGGERS D. M., BARTON N. W., RICHARD N. A., NELSON R. E., WISSMAR R. C., DEVOL A. N,
1978 – The lake Washington ecosystem: The Perspective from the fish community
production and forage base. J. Fish. Qes. Broad. Can., 351: 1553-1571.
EHRLICH A, 1975 – Les Diatoms benthiques et epiphytes de la lagune de Bardawil
(Sinai Septentrional). Rapp. P.-V. Renm. (IESM) 23(3): 121-123.
EL-GANAINY A. A., YASSIEN M. H., KHALIL, M. T, 2002 – Ecological Survey of Bardawil
nature protectorate: Fishes and Fisheries. Conservation of wetland and coastal
ecosystem in the Mediterranean Region. Med. Wet. Coast. E.E.A.A.: 72 pp.
FLINT R.W., KALKE R. D, 1985 – Benthos structure and function in a south Texas
estuary. Contrib. Mar. Sci. 28: 33-53.
FOLK R., WORD W. C, 1957 – Barazor River: A study in the significance of grain size
parameters. J. Sed. Petrol., Vo. 27: 2-26.
29
FOUDA M. M., WANES M. K., SALEH M. A, 1985 – Ecology of Bradawil lagoon. A
report to the Oil Pollution Res. Unit, Pembroke, U.K. for B.P Petroleum Ltd.
Egypt.: 94 pp.
FRY C. H., ATTA G. H., BAHA EL-DIN S., MCKAR C. R, 1985 – Bardawil lagoon. A
report to the Oil Pollution Res. Unit, Pembroke, U.K. for Bp Petroleum Ltd.
Egypt: 25 pp.
HAMMER U. T, 1986 – Saline Lake Ecosystems of the world. Dr. W. Junk Publishers,
Dordrecht: 616 pp.
HANNA A. L, 1965 – “Organic matter in soil”. In Chemistry of Soils 2nd ed. New York.
HEALY M, 1984 - Fish predation on aquatic insect. In V.H. Resh and D.M. Rosenberg
(eds). The ecology of aquatic insects. Praegr., New York: 255-288.
JONES A. R., WATSON-RUSELL C. J., MURRAY A, 1986 – Spatial patterns in the
macrobenthic communities of the Hawkesbury Estury. Aust. J. Mar. Freshwat.
Res., 37: 521-543.
KIMOR B, 1975 – Euryhaline elements in the plankotn of the Bardawil lagoon (Northern
Sinai). Rapp. Comm. Int. Mer. Medit., 23(3): 119-120.
KRUMGALZ B. S., HORNUNG H., OREN O. H, 1980 – The study of a natural hypersaline
lagoon is a desert area (The Bardawil lagoon). Estuar. Coast. Mar. Sci., 10: 403-415.
LEPKIN Y, 1977 – Sea grass vegetation of Sinai and Israel, in Sea Grass Ecosystems.
C.P. MeRoy and C. Helfferich, (eds.) New York: 263-293.
LEVY Y, 1974 – Sedimentary reflection of depositional environment in the Bardawil
lagoon, North Sinai. J. Sed. Petrol., 44(1): 219-227.
LUCKENBACK M.W., DIAZ R. J., ZOBRIST E. C., HUTTON C.H, 1990 – Evaluation of the
benthic resource value of impounded and non-impounded tidal Creeks in Virginia,
U.S.A. Ocean. & Shoreline Manage. 14: 35-50.
LUI T. H., LEE S.Y., SADOVY Y, 2002 – Macrobenthos of a tidal impoundment at the
Mai Po Marshes Nature Reserve, Hong Kong. Hydrobiologia, 468: 193-212.
MATRICARDI G., RELINI G., DIVIACCO G, 1980 – Macrofouling of lagoon in the Po
River Delta. Proceedings of the fifth International Congress on marine corrosion
and fouling. Marine Biology: 45-60.
MÖLLER P., PIHL L., ROSENBERG R, 1985 – Benthic faunal energy flow and biological
interaction in some shallow marine soft bottom habitats. Mar. Ecol. Prog. Ser.,
27: 109-121.
MUNDI J. H, 1955 – On the distribution of the Chironomidae in storage reservoir. Int.
Ass. Theor. Applied Limnol., XII.
PATERSON C. G., FERNANDO C. H, 1970 – Benthic fauna colonization of a new reservoir,
with particular reference to the chironomidae. J. Fish. Res. Bd. Canada, 27: 213-232.
PISANTY S, 1980 – The fishery and management of the hypersaline lagoon of Bardawil.
GFCM/XV/80/22, Aug. 1980: 71 pp.
POR F. D, 1971 –  One hundred years of Suez Canal. A Century of Lessepsian migration.
Retrospect and view points. Syst. Zool. 20: 138-159.
30
RUFFO S, 1982 – The amphipoda of the Mediterranean. Mem. Del. Inst. Ocean. Part(1):
Gammaridae.
SHABANA E. E, 1999 – Limnological studies on Lake Bardawil. M.Sc. Thesis fac. Sci.
Suez Canal Univ.: 135 pp.
SILIEM T. A. A, 1988 – Chemical conditions in Bardawil Lagoon; I- The major cations.
Bulletin of Nat. Inst. of Oceanogr. & Fish. 14(1): 141-157.
SILIEM T. A. A, 1989 – The chemical conditions in Bardawil Lagoon IV-Nutrient
Salts. Bull. Nat.Inst. Oceanogr. and Fish. ARE., 15(2): 217-228.
TAHA O. E, 1990 – Some ecological studies on phytoplankton in Lake Bardawil.
Ph.D. Thesis Fac. Sci. Zagazig Univ.: 218 pp.
TAYLOR J. D, 1993 – Regional variation in the structure of tropical benthic community:
relation to regimes of nutrient input. In Morton, B. (ed.) The Marine Biology of
South China Sea. Hong Kong Univ.
TIMMS B. V, 1983 – A study of benthic community in some shallow saline lakes of
western Victoria, Australia. Hydrobiologia, 105: 165-178.
VARIY N, 1990 – Assessment of the importance of Lake Bardawil for birds and the
likely impact of the north Sinai agricultural development project on the region’s
bird population and their habitats. Int. Council. For Bird Preserv., U.K. Final
report: 12 pp.
WINNEL M. H., JUDE D. J, 1984 – Benthic community structure and composition among
rocky habitats in the Great Lakes. New York of Great Lakes Res., 13: 3-17.
WIRTH W. W., STONE A, 1968 – Aquatic Diptera. In R.L. Usinger (eds) Aquatic Insect
of California Univ., Calif. Los Angelos: 372-482.
WISSMAR R. C., WETZEL, R. G, 1987 – Analysis of five North American ecosystem.
IV: Consumer community structure and production. Verh. Inst. Ver. Limnol. 20:
587-597.
YAP H. T., NACORDA H. M, 1993 – Some aspects of the ecology of sediment fauna in
Balingasay (Philippines). In Morton B. (ed.), The marine biology of the South
China Sea, Hong Kong: 509-519.
